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Abstracf - The preparation of OptIcarty active, E-vinyl glydne derivatives is 
described. The bromoglycinate 4, couple8 with trialkyltin acetylldes In the 
presence of ZnCl2 to furnish the 8nrMkynes 5. Dissotving metal redut3on dimctfy 
furnishes the N-t-BOCprotected E-vinyl gtydne derivative8 6. 

The &yunsaturated amino acid8 (1, Vinyl gtydnes) are an increasingly important class of a-amino 

acids. These interesting compwnds from both natural and unnatural (ie., synthetic) sources have proven to 

possess antimkrobiall and enzyme inhibitory properties. 2 SpeMcally, several p,yunsaturated amino akds 

have been shown to be suicide inactivators of several vitamin Bs-dependent enzymes such as alanine 

racemase, glutamate-aspartate transaminase, ~qstathionase. amongst others.lB2 The P,yunsaturated 

amino adds have also proven useful as synthetic inte rme&tes3 and biochemdal probes.’ 

The c&y related, unstable amino acid ethynyi gfycine (2) has been isolated from a Shepromy~s 

sp.5 and has also been shown to possess antimicrobial activity as well a8 being a suicide intiivator of 

alanine TBcBmase.1~ 

Syntheses of vinyl glycines has proven to be a challenging and difficult task, partiarlarty in optically 

adive form. This is primarity due to the lability of these 8ub8tan~eS tOWard RKemiratbn and, ream3ngeIMIt 

of the unsaturated moiety into conjugation with the carboxyl group (ie., to a$-dehydro ammo Mds). 

Numerous syntheses of racemic P,y-unsaturated amino adds have been devefopeds. but only a few 

successful method8 for the preparation of optically active systems have appeared.’ Enzymatlc and other 

classical resolution procedures of the racemic substances are often attended by partial racemlzation and 

other side reactions. A noteworthy contribution has been developed by Schdllkopl and collaborators8 who 

have found that aldol condensation of the optically active his-lactim ethers of piperazinediones. lollowed by 

elimination and hydrolysis, furnishes a variety of substituted vinyl glydnes with high enantiomeric excess. 

However, where douMe bond stereoisomerism Is possfbk. this method8 suffers from producirq E/Z mixture8 

which must be subsequently separated. 

As parl of our continuing studies with the JectroQMk glydne temp&tO (4)s. we wish t0 records the first 

asymmetric. storeodofinad and practical method to const~3 E-vinyl glydne derivatives. As shown in Scheme 

1, bromoglyydnae 4 coupJest with trlalkyl tin acetyfldse 11 under very mild conditions in good yield to furnish 

the crystallIne. anf&dduds 5. To the best of our ability, we have not beech eMe to deted the conespoting 
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syrrdiasfereomers in any of these coupling reactions. Treatment of these afkynes with sodium metal in tiqUd 

ammoniflHF containing ethyl alcohd followed by a simple aqwrous wash and filtration through a small plug 

of silica gel directly furnishes in good yield, the N-t-BOC-protected E-f3,yunsaturated amino acids (6) in 

excellent chemical purity. The stereochemistry of the douMe bond was readily ascenained by examination of 

the vicinal olefinic coupling constants ‘2 which were typically J - 14.515 Hz. In no case, did we find evidence 
for the formation of any of the corresponding Z- isomers, nor was there evidence for formation of a$-dehydro 

ammo acids. The Table provides the data on yietds for the coupling reactions (3 -t 5). the dissofving metal 

reductions (5 + 6) and the 46 enantiometi ex~ for each ease thus far examined. 

SCHEME 1 

0 

3 

Ph 

NBS / CCJ, R3Snm R 
L 

Na” I NH, I ElOH HN 

Me 

5 6 

While the chemical yreid in each casa was quite good with Na” as the reluctant. W found thet Pafia 

racemization attended these redudions; the % ee was typically 5567%. This was quite surprising SimX. the 

starting lactones 5 were single diastereomers of >98% ee and in no case did we observe c@dehydro amino 

acids or the fully saturated analogs. It would be expected that such by-products would result from the 

racemization of intermediates whether the process be base-catalyzed or free radical in nature. 

When the reduction was performed with LI ‘O in liquid ammonia/THF/EtOH. the derivatives 6 were 

produced m lower chemical yields, but higher optical purity (Table). The outstanding example being the E- 

dehydronowaline (6. RICHs) which was obtained in >98% 88. The basis for the partial racemization of the 

other systems compared to dehydronorvatme is not at present, clearly understood. Efforts to elucidate the 

mechanism of the partial racemrzation with either Na” or LP; and a means to attenuate this UnWIcOme 

1 

In spite of the’ modest chemical yields employing lithium. the t-BCC amino a&& a were operationalfy 

very simple to prepare and Mate. The reactions wre typically quenched with NH&I, the NH3 was allowed 

to evaporate and the reskkm partftioned between water and ether. The aqueous layer ~89 then ackfified to 
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pa 3 ati the t-WC amino tbckks (6) wem ex?raUed and iSOlated by a simple silka gel fittratbl (X PTLC 

separation. 

The determinatitm of the % 88 proved to be somewhat dfficult on the 1-m denvatlres (6) directty, anu 

were thereton derfvatized. Treatment of 6 with ethanobc HCI at room temperature for 2 h cbanfy remoyBd 

me t-BCC group resuftbq in the amino acid-hyaochloride salts 7. Acyfcabn of 7 x&h (-)-MTFWY4 furn&Jwd 

the amides 8 whkh were analyzed by 1H and 1eF NMR to obtain the calculated 36 88. Autf~~tic samples of 

the racemic derivatives 7 and the corresponding tiastereomers of 8 for comparison purposes were prepared 

from racemic 3. In these cases, the NaVrquid ammonia protocol was utilized due to the higher chemical 

yields missioned above. 
SCHEME 2 

In summary, this report describes an operationally simple and versatife method to prepare opticalfy 

active E-vinyl amino acid derivatives in good chemical yiefd. The method can embrace a potentially large 

varfaty of ysP groups that is dictated sdefy by the avaifaMty of the trialkyf tin ecetylii. The availatMyl~ of 

both optical isomers df 3 pmvide the ad&d ffexiMity of being abIe to prepare either the D- or L- configured 

vinyl glydne derivatives. Efforts to extend this chemistry to Z-vinyl gfydnes and higher substitution patterns 

around the do&e bond are in progress. It IS expected that this method will find utility in numerous important 

applications in amino acid and peptide chemistry. 
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EXPEMNENTAL 

(3S.5S,6R)-4-tert-ButoxyCe~nyl-5,6-dip~nyl-3-( 1 ‘-prvpyny/)-2,3,5,6-ttrahydm 1,4-oxazin-2-one (5, R I - 
CM. 

TO 8 Stirred mfhJxing scbtfon of 3 (242 mg, 0.66 mmol, 1.0 eq) in CC4 (70 mL) was added N- 
bmmosucdntmide (134 mg, 0.75 mmol, 1 .l eq). The mixture was albed to MUX for 20 mm, &ed to 0°C 
and fittered to remove -mida The fittrate was then bmught to reftux temperature and tri-n-btyi propynyl 
stannane (293 mfg. 0.69 mmol. 1.3 eq) and a solution of anhydrous ZnCl2 (0.66 mL of a 1 M THF solution. 
0.66 mmf. 1 .O es) was added. The mixture was refluxed for 10 min, ccoted to room temperature, diluted with 
H20 (5 mL) and pamboned. The actuecus layer was further extracted wfth CH2Cl2 The combined orpanic 
extracts were dried over anhydrous MgSO4. filtered, concentrated and filtered through a short 
silica gel plug (CHzCl2). The product was crystallized from the residue with hexane/CHpClp. 

25 
164 mg (61%). mp 221-223°C [aIt, - -37.9” (C, 0.78. CHCla). mp (racemic) 201-202oC. 

‘H NMR (200 MHz, DMSO-c& 393°K) d TMS: 1.2(9H,s); 1.9(3H,s); 5.13(1 H,s); 5.6(lH.s); 6.4(1 H,s); 
6.6-73(lOH,m). tFt (NaCl, neat): 2295, 2220. 1760, 1715. 1610, 1500 cm-l. mass spectrum (~~30) m/r. 

409(M+ + NHq+, 0.5); 392(M + 1, 0.3); 353(44); 292(12.9); 106(100). Arlaf. (C24H2w4) c&cd. C. 73.64; H, 
6.44; N. 3.56. found C. 73.37; H, 6.54; N, 3.52. 

(3s.5S.6R)-4-t~-Butoxyccubonyl-5,6-dip~nyl-3-(1 ‘-~nvll-2~3,5,6-tetrahydro- l,l_oxazinQ-one (5, R I n- 
twtd. 

TO a tined rettuxing sofution of 3 (266 mg. 0.61 mm& 1.0 eq) in CC14 (70 ml) Was tied N- 
bromasucdni&e (159 mg, 0.69 mm& 1.1 es). The mixture was alknxed to MUX for 20 tin, cooled to 0°C 
and fiftt~red to remove succinlmide. The ftftrate was then kought to re6ux temperature and trf+f-butyl octynYl 
stannane (421 mg. I 05 mmd, 1.3 eq) and a solution of anhydrwus tnc(2 (0.61 ml Of a t M T++F SOWOW 0.61 
m w, t .o eq) was added. The mixture was reftuxed for t 0 min, cooted to rcom temperature diluted with 
water (5 ml) and pamtloned. The aqueous layer was further extracted with CH2c12. Tfte cdmbbcf organic 
extracts were&ed over anhydrous M~SOS. fifter~. con~emrated and fibred thtough a Ehorr silica CM @utJ 
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(CH&&). The product was crystalked from the reejdue with he-. 231 mg (61.8x), m.p. 145.5 - 

146’C [,1”,5 = -23.8” (C, 0.16.CH2Cl2). m.p. (r&zemic) 120 - 122X. 

lH NMR (200 MHZ, DMSO&. 8 TMS: 0.82(3H, 1, J&5Ht), 1.04 - l.yl7 H, m), 2.33(2H, t J-5.4 Hz), 
5.25 - 5.30(1H, m), 5.67(fH, S), 6.42(tH. S), 8.54 - 7.33(10~, m). tR (t&cl, NQOI) nso, i?z?i5, 1755, 1700 
cm-l. k&ass spectrum (NH$CI) m/z - 47QtM+ + NH3, 0.7). 462&t+, 0.4), 423(X3.5), 382(180). Anal. 
(c29H35No4): calcd c. 75.48; t+, 7.48; N, 3.03. found C. 75.21; H, 7.42; N, 3-03. 

(3S,5S,6R)-4-fert-Butoxycarbonyl-5,6-dipnenyl-3-( 1 ‘-penfynyf)-2,3,5,6-tetrahydro- 1,4- 

0xazikPone (S, R I n-C3H7). 

To a stirred sotution Of 3 (270 mg, 0.76 m mot, 1.0 eq) in CC4 (70 ml) was added N-bromosucckimide 
(150 mg. 0.84 mmol, 1.1 eq). The mixture was allowed to reflux for 20 min, cooled to 0°C and filtered to 
remove sucbnimide. The filtrate was then brought to r&x temperature and trimethyf pentynyi stannane (230 
mg, 0.99 mmol, 1.3 eS) and a solution Of anhydrous ZnU2 (0.77 ml of a 1 M THF solution, 0.77 mmot, 1 .O eq) 
was added. The mixture was refluxed for 10 min. cooled to room temperature. diluted with k&Q (5 ml) and 
pmtltioned. The aqueous layer was further extracted w&h CH2CI2, The combined orga& extracts were dried 
over anhydrous MgSO4, filtered, concentrated and filtered through a short silica gel plug (CH2Cl2). The 

product was crystallized from the m&due with hexane. 210 mg (65.5%), m.p. 114 - 1150c, [ajo 25 = -26.8” (C, 

0.22, Cfi2Ct2). m.p. (racemic). 131 - 131.55C. 

lH NMR (200 MHz. DM!X-&), 8 TMS: 0.91 - 1.09(9H, m), 1.42 - 1.57(5+t, m), 2.28@i, t, J-6.8 Hz), 
5.26 - 5.33(tH, m). 5.68(tH, s), 6.41(1H, s), 6.54 - 7.28(1OH, m). fR(NaCI, nujot): a, 2220, 1780, 3705 
cm-l. Mass spectrum (NH$CI): 
320(100). Anai. (C26H29N04) 

mk - 437(M+ + NH+q. 0.5), 420(M+ + 1, 0.4), 381(57.2), 364(18.5), 
c&d. c, 74.44; H, 6.97; N, 3.34. found, C, 74.59; H, 6.82; N, 3.37. 

~3S,5S,6~)-4-tert-Butoxycerbonyl-5,6-dfphenyl-3-[((4’-tert-buty/d~methy/sllyl)oxy)but-f’- 
yne]-2,3,5,6-retrahydro- 1,4-oxarin-2-one (5, R - CH2CH2 0Si-Me2+8u). 

To a stirred refluxing solution of 3 (200 mg, 0.57 mmol, 1.0 eq) in cc14 (70 mi) was added N- 
bromosucdnimkhj (111 mg, 0 62 mm& 1 .I eq). The mixture was allowed to mflux for 20 min. cooled to OX 
and filtered to remove succinlmti. The f&ate was then brought to reflux tedium and trImet&yi (team 
dimet~~lyt~~)~nyl Stannane (256 mg, 0.74 mmd, 1.3 eq) and a sotution of anhydrous ZnCI2 (0.57 ml of 
a 1 M solution, 0.57 mmol, 1.0 eq) was added. The mtxturg was rm~xed for lo min. coo&d to room 
temperature, dluted with H20 (5 ml) and partitioned. The aqueous layer was further extractd with CH2CX2. 
The combned oroantc extracts were dried over anhydrous M~s04. filtered. moroncr?ror( ~nr( fi*n& thrrumh 

a short silica gel plug (CH2Ct2). The product was ciys&Ulred from the residue with hexane. 218 mg (71%). 

m.p. 128.5 - 129*C, [o&5 = -23.2” (C. 0.22, CH2CI2). m.p. (racemk) 112.5 - 113oC. 

1H NMR (270 MHz, CDCl3), STMS: O.O8(6H,S), 090(9H,S). 1.11(6H,S), 1.48(3H,S). 2.50(2H,t, J-6.8 
Hz), 3.76(2H, t, J16.9 Hz), 5.02 - 5.24(1H, m). 5.63 - 5.87(1)4, m). 6.39 - 6.43(1H, m), 6.56 - 7.27 (lOH, m). fR 
(NaCI, nujd): 2280,2210,1755,1700 cm -l. Mass spectrum (NH$CI) nVz I 5!$3(M+ + NH3, 1 .l), 538(M+ + 2, 

0.4)‘ 536(M+, 0.2)‘ 497(1t.l), 480(17.8), 464(1.1), 438(24.6), 106{100). Anat. (C3jH41N05Si): cakd. C, 
69.95; H. 7.71; N, 2.61. found C. 69.72; H. 7.51; N, 2.66. 

E-f2-tort-buloxycarbamoyl)pent-3-enoic acid (6, R = CH3) 

To a stirred solution of Na” (60 mg, 2.61 mmot, 17 eqf in NH3 (2 ml. &stilled from Na” at -33aC) was 

added a solution of 5 (R nlCH3.60 mg. 0.15 mm& 1.0 eq.) and EtOH (200 ~1) in dry THF (5 ml) via a syrtnge 
at -33°C. After 20 min the btue color disappeared, and the reaction was quenched with NH&t. The mixture 
was allowed to warm. After the NH3 was evaporated, the residue was dilutd with water (10 ml) and extracted 
with Et20 (2ml x 2). The aqueous layer was carefully acidiii with 1N HCJ to a pH of 3 white stirring with 
EtOAc. The layer was separated and the aque<rus layer was extracted with EtOAc. The combined organic 
extracts were dried over anhydrous MgSO4. filtered and evaporated to afford 26.1 mg (79%) of 8 as c&rks 
oil. 

[&’ - + 52.2“ (C, 0.68, C&$.22). % 88 - 64% 

1H NMR (270 MHz. CLXl3) 6 TMS: 1 5(9H.S), 1.72(3H,d, J - 6.5 Hz), ~.s(O.str. br,), 5.15(0.5 H. br.), 
5.48 - 5.55(1H,m), 5.79 - 5.85(lH, m, JHa.b - 14.5 Hz (akin)). IR #&cf, _nee&t). 3320,2980,2920, 

1720, 1660, 1500, 1450 cm-f. Mass spectrum (NH$CI) mh - 252(M+ + 37,.X.2), 215(M+, 1.4), 177(22.8), 
159(29.3), 116(44.1), 70(100). Anal. (CtOHt704.N). catcd. C, 55.80; H, 7.96; N. 8.51. touul C, 55.69; H, 
8.00; N, 6.42. 

To a stirred so&don of Li* (6.9 mg, 0.997 mmd, 13 eq.) In NH3 (20 ml, cfbtilbd tram Na” at -33oc) was 

added a sdution ot 5 (f? I Ut3. 30 mg. 0.077 mmd, 1.0 eq.) and ~(168 pt) in THF (4 ml) via a 





To astir& soltikn of Ma* (50 mg, 2.14 mmol, 17 mm&) In NH3 (20 ml, d&tiffed from Na* at -33oc) 

was add&f a sofutbn of 5 (R I GH2CH2OSiMe2t-Bu). 65 mg, 0.12 mmot, 1.0 es) and EtOH(lf30 rir) In dry 
THF via a syrfnge at -33°C. After 20 min. m Wue color disappeared. and the reaction was quenched with 
NH4Cl. The mixture was allowed to warm. After the NH3 was evaporated, the residue was diluted with water 

(10 ml) and extracted with Et20 (2.5 ml x 2). The aqueous layer was carefufty addified with 1N HCI to a pH of 
3 while stirring with EtOAc. The layer was separated and the aqueous layer was extmcted with EtOAc. The 
combined organic extracts were dried oyer anhydrous MgSOq. filtered and evaporated to afford 30.7 mg 

(71%) of 6 as colorfess oil. [c&5 = + 11.2o(C, 0.5, CH2cI2). % ee 0 68%. 

1H NMR (200 MHz, CDCl3) 5 I?&: O.Ols(SH, s), 0.85(9H, s), 1.42(9H, S), 2.21 - 2.31(2H, m), 3.62(2H, 
1, J-6.7 HZ), 4.79 - 4.81(0.5H, br.), 5.06 - 609(0.5H, br.), 5.56 - 5.6l(lH. m, br.), 5.77 - 585(lH, m. JHa,b- 

14.9 Hz (~j~)). IR (NaCf. neat): 3410,330O. 2910,2&X& ?710,1640,1490,1390,?360 cm-l. Mass 
spectrum (NH$CI): nJz = 360@&+ + t , O.Q), 338f2.8). 32?(4.9), 303(ylOO), 286(25.8). Anaf. (Cl 7ti33NC&Sf): 
cakxl. C,56.79;H.9.25;N,3.90. foundC,56.84;ti,9.3O;N,3.98. 

&+r)@raj P-r= for *Protecrion of the ilwM%Jt~xy~rbamoyt gmz.lps 8flf$ si&eqvent &&?~in&hTJn of 
%6W. 

6 (0.01 * 0.06 mm& 1.0 eq.) was treatad with 1 ml of HCVEtOH (1M solution), stir& at room 
temparatura for !% min., ewpwated and dried in vacua. to af@?d a residue. Tba resldre was w in dry 
f)(F, (-)MTPA-Chfo* (1 .O eq) and propyfana oxkk, (4.0 eq.) wBTe addad. The resufffng mxftura was warrnad 
(40°C) for 20 min., evaporated and emotion of the crude m&due by 1H NMR and 1QF NMR in&cated the 
enantiomerfc axcass of 6. 

1. 

2. 

3. 
4. 

6”: 

7. 

:: 

10. 
11. 

12. 
13. 
14. 
r5. 

References and Footnotes 

a} C. Watsh, fetrahedon (I 962) 36,871; b) R.H. Abe& AL Maycxxzk, Acxxwn& Cbm. Res, (1976) Q. 
37 3; cf R. Rando, Accounts Chem. Res. f 1975) 6,281; d) *Chemistry and Biochemistry of the Amino 
Adds*, G.C. Berrett, Ed., Chapman and Halt (1985) New York. 
a) A.J.L. Cooger, S.M. fitzpatrfck, C. Kaufman. P. Dowd. J. Am. C&em. SOC. (1982) 104, 332; b, P. 
Marcotte, C. Welsh, B&&m&fry (1976) 75, 3070; c) J-M. Gfrodaau, C. Agourfdas, M. Masson, R. 
Pineau, F. LeGoffio, 3. Med. Chem. (1986)29,1023. 
M.N.T. Chang, C. Walsh, J. Am. Chem. Sot. (t960) 102,7368. 
J.E. Sak$wfn, S.B. Haber, C. Haskins, L.I. Kruse, J. Org. Chem. (1977) 42, 1239. 
Y. Kuroda, M. Okuhara, T. Goto. M. Kohsata, H. Aoki, H. Imanaka, .I. Antibiotics (1980) 33, is?. 
a) W.J. Greenlee, J. Org. Chem. (1984) 49, 2632; b) P.F. Hudrfik, A.K. Kulkami, J. Am. Chem. $OC. 
(1981) 103, 6252; c) A.L. Castelhano, S, Home. R. Billedeau, A. Krantz, Tetrahedron Left. (1~86) 27. 
2435; d) S. Sawada, T. Nakayama, N. Esaki. H. Tanaka, K. Soda, R. K. Hilt, J. Org. Chem. (1966) 51, 
3364; e) 6.H. L&shut& 8. Huff, W. Vaccaro, 7&ra!mdrvn f&r. (1986) 27, 4241; r) K. Agouridas, J.M. 
Girodeau, R. Pineau, Tettahetffon Lett. (1985) 26, 3115; g) J.N. Fitzner, D.V. Pratt, P.B. Hopkins. 
Tenghedfon Lett. (1985) 26, 1959, and refs. cited therein; hf Y.H.Palk, P. Dowd, J. Urg. Chem. (1986) 
51. 2910; I) W. STegfii. H. Wagmann. Synthesis (1980) 481; j) B.W. Met&f, E. Bonilawi, 3. Chem. 
Sot them. Comm. (t978) 914; k) W.J. Greenlee, 0. Taub, AA. Pateheft, Tetrahedron Lett (1978) 3999. 
a) H.Rapoport, A AfraIl-Ardakani, J. O@ Chem. (1960) 45, 4817; b) S. Hanessian, S.P. Sam, 
Tetrahedron Left. (1984) 25.1425; c) for a-disubstituted vinyigfycines, sac: T. Waber. R. Aeschii. 
T. Meetzke, D. Seebach, Hehr. Chim. Act& (1936) 69.1365. 
U. Schdllkopf. J. Nozulak, U. Groth. Tetrahedmn (1984) 40.1409. 
a) P.J. Sinclair, 0. Zhai, J. Reibanspies, R.M. Williams. J. Am. Chem. Sec. (lQ86) 108, 1103; b) R.M. 
Williams, D. Zhai, P.J. Sinclair. J. Org. Chem. (1986) 51. 5021; c) R.M. W#iarns, P.J. Sinrjair, D. Zhai, 
0. Chen, J. Am. C&m Sot (1988) 110,OOOO; d) R.M. Williams, P.J. Sindair, W, Zhai, ,I. Am. Chem. 
sot. (1986) 110, oooo. 
0. Zhai, W. Zhai, R.M. Wlifiams. J. Am. Chern. Sot (1988) 110, ooo0. 
WARNING: Extreme caution should be exercised when handling the highly toxic trfrnetbyl tin 
compounds. 
In each case. the otefinic coupling constanf was determined by homonucfear dsooupling. 
Yi&ts refer to purffbd. atiyticaf sampfes. 
MTPACI - a-Methoxy-a-(trinuormethyi) phenylacetyl chloride. 
Both optical isomers of 3 are commerciafly avaifable from the Akkidh Chemical Co. 


